Human face detection plays an essential role in the first stage of face processing applications. In this study, an enhanced face detection framework is proposed to improve detection rate based on skin color and provide a validation process. A preliminary segmentation of the input images based on skin color can significantly reduce search space and accelerate the process of human face detection. The primary detection is based on Haar-like features and the Adaboost algorithm. A validation process is introduced to reject non-face objects, which might occur during the face detection process. The validation process is based on two-stage Extended Local Binary Patterns. The experimental results on the CMU-MIT and Caltech 10000 datasets over a wide range of facial variations in different colors, positions, scales, and lighting conditions indicated a successful face detection rate.
INTRODUCTION
In recent decades, human face detection has been researched widely. The main reason comes from the recent advances of its applications such as video surveillance system, security access control, information retrieval in many unstructured multimedia databases, and advanced Human Computer Interaction (HCI) [1] . The input images can be captured via several devices such as cameras and they can be manipulated by various computer vision methods [1, 2] . In addition, most of the biometric and HCI applications include computing analysis on human faces such as in face alignment, recognition, verification, and authentication purposes. Indeed, human faces must be detected before any such analysis can occur in these images [1] . Most of the face detection frameworks try to extract a portion of the whole face, thus eliminating most of the background [5] . Real-time face detection involves detection of a face from a series of frames from a video capturing device. Although the hardware necessities for such a system are far more inflexible, from a computer vision standpoint, real-time face detection is actually a far simpler process than detecting a face in a static image. This is due to the face, unlike most of our surrounding environment, is frequently moving. Therefore, face detection has an outstanding importance and plays a critical role in most of the face processing systems and the performance of this step has direct impact on the overall performance of the systems [8] .
Automatic face detection is one of the main and significant processes in most face processing applications. In addition, the existing methods have limitations and they are not accurate, especially under certain variations. The unstructured settings in images may contain several variations such as complex backgrounds, different lighting conditions, poses, races, skin colors, age, gender, face occlusion etc. [3, 5] . Research shows that this phenomenon happens in most of the face detection methods, and this problem becomes worse when some other challenges occur at the same time, such as illumination or occlusion in an image [6, 9] . The present research addresses several contributions in digital image processing including image enhancement, skin color segmentation, feature extraction and classification processes.
PROPOSED METHOD
The proposed framework consists of four main phases including preprocessing, search space reduction, detection and the validation process. In this study, a preprocessing module is employed to remove noise of input image and shrink the search space in order to decrease the computation time for feature extraction and classification procedures. For validation purposes, another post-processing process is applied to confirm or reject the potential faces from previous stage. The validation process is based on the extended local binary pattern and support vector machines.
Preprocessing Enhancement
The image preprocessing process is an extremely significant stage in the face detection system [7] . Indeed, there are several challenging issues and difficulties, which can add some complexity to the classification process. Hence, they might have an effect on the result of face detection such as noise, brightness, lighting conditions, complex background /texture, pose variation, occlusion, and scaling. In order to avoid this kind of challenge, several preprocessing activities are needed to normalize the input image.
Search Space Reduction
Search space optimization is the process of selecting region of interest (ROI) from the input image and ignoring the rest of the regions, which is known as the Region of Non-Interest (RONI). This process is performed after the preprocessing phase. The main aim of this step is to ignore the background of an image that does not contain skin color. The process of segmentation initializes with a comparison between the threshold and each pixel. The process subtracts the given threshold
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Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. from each pixel and verifies whether the result is negative or positive. In case that the result is negative, then the threshold is greater than a certain pixel. The process will be continued with a 2s complement number. Then, an AND gate is deployed to compare the most significant bits of each pixel.
Face Detection Process
The proposed face detection framework consists of several phases. The input of face detection process is the result of image segmentation, which is done before feature extraction process. The feature extraction stage acts as the main component of any pattern recognition system [4] . Raw intensity values, as directly provided by a camera, from the most basic manner of representing an image. The input of a learning algorithm is features and the most important reason of using features instead of raw pixel values is to decrease the in-class while increasing the out-of-class variability in comparison to the raw data, then make classification easier. In addition, the speed of feature evaluation is a significant factor while most of the face detection algorithms slide a fixed-size window that scales over the input image. Haar-like wavelet features are defined as a variation between unfilled rectangles and the accumulated intensities of filled rectangles.
RESULTS AND EVALUATIONS
In this section, the experimental results of the proposed framework are discussed. In addition, several well-known works in this area have been implemented to evaluate the performance of the proposed face detection framework. All of the experiments performed are on a standard dataset and compared with the implemented methods.
Search Space Reduction Result
In order to compare the proposed skin segmentation process with the existing methods, there is a distinct lack of infrastructure when it comes to the datasets, which are used by contributions made to the field of skin segmentation. Therefore, two existing methods have been implemented, and their performances are analyzed using a subset of images from identical images, which are used to evaluate the performance of proposed method. The proposed method has an average of around 69% reduction of search space and when compared to the selected methods. The proposed method has average of 3% enhancement in terms of search space reduction.
Feature Extraction Result
In addition, we have compared the accuracy of using the basic Haarlike features and enhanced Haar features in different datasets, including the MIT dataset and CMU Frontal view dataset. The results show that the enhanced Haar-like features have better accuracy and performance than conventional Haar-like features on MIT and CMUProfile datasets. The main reason is that the basic Haar features able to detect face in frontal view and images which contain profile and complex background cause high false alarms.
Classification Result
The result of face detection that have been evaluated in order to receive the windows contain skin color regions which have been detected in the previous stage and the learning algorithm is applied to train the classifiers based on the given face and non-face objects. In addition, in order to obtain high detection rate (around 99%); we have set the maximum number of weak classifiers in different stages. In addition, the training stage may take 18 hours to be completed.
As the number of stages increases, the cascade focuses on hard samples, which have not been classified correctly by the previous stages. In this research, in the detection process, a cascade of 15 stages is applied for classification purposes. Over 55% of the examples are rejected in the first stage. The last stage of detection only classifies a few difficult-to-classify samples.. n=20 nodes have been used for classification. Surprisingly, 59.8% of samples have been rejected at the first stage. The last stage only struggled with few difficult-to-classify samples.
CONCLUSION
The proposed face detection system consists of four main modules, including preprocessing, search space reduction, face detection, and the validation process. The preprocessing module aims to prepare the image before entering the face detection system in order to decrease the image size, enhance image quality, and remove noise. Then, the skin segmentation process is applied for search space reduction based on the skin color and edges of face(s) in the input images. Though, detecting skin-colored pixels seems to be a straightforward task, it has proven quite challenging for many reasons. The appearance of skin in an image depends on the lighting conditions where the image was captured. In the next stage, by using Haar-like algorithms, the features of input image are extracted based on the windows that consist of human faces. In addition, the Adaboost algorithm starts training the face and non-face images, which we have already given. The result of detection will contain human face images. To avoid this kind of false alarm, we have come up with the validation process. In the last module, the input is potential human face images, which needed to be validated. Finally, the selected face by the validation process until will be bounded throughout the input image. The combination of the four stated modules considered as the proposed framework are able to enhance an image in early stages and detect the face in frontal and profile views in detection of areas that consist of human skin color.
